The first clear description of the human endometrium in the several phases of the menstrual cycle (Hitschmann and Adler7) embodied the morphological features considered today to be characteristic of each stage of the cycle. These structural entities induded not only differences in the thickness of the endometrium but also heightening of the epithelium and edema, now known to be evoked by estrogenic hormone, and sacculation of the endometrial glands, now known to be dependent upon the presence of progestin. In addition to these conspicuous and universally known characters, Hitschmann and Adler also described and illustrated striking differences in the size and structure of the stromal cells of the endometrium at different stages in the cycle. These cells in the postmenstrual endometrium were described as being small with dense, frequently fusiform, small nuclei. During the growth period these cells enlarge somewhat and their nuclei become less dense and more vesicular. During the premenstrual period they become quite large and resemble young decidual cells.
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Early in the course of the endocrine analysis of the menstrual cycle in the human being and in the monkey emphasis was placed upon the more conspicuous tissue changes while cytological changes * From the Department of Anatomy, Yale University School of Medicine. The problem reported here was discussed with Doctor Allen and he was to have been a collaborator. It is a source of no inconsiderable satisfaction that a study in which Doctor Allen with characteristic enthusiasm planned himself to participate constitutes a portion of this memorial to him. The investigation has been aided by grants from the National Research Council, Committee in the stroma were increasingly disregarded. The notable exception in this respect is the work of Cleveland.', 2, 3 These studies apparently have not been repeated by other investigators.
In the mouse and rat, but especially in the mouse, the endometrium exhibits characteristic responses to the different sex hormones8 10 in the complete absence in these species of striking changes in the endometrial glands such as those evoked in the primate uterus by progesterone. Estrogen causes edema and heightening of the epithelium, while progesterone causes the stromal nudei to enlarge and become vesicular.
The present study was undertaken with the object of examining the effects of estrogen and progesterone upon stromal nuclei of the endometrium of a primate. The investigation provided the opportunity for comparing the minute responses of the primate endometrium with those of the endometrium of the mouse and for repeating Cleveland's detailed and interesting work.
Exterimental
The observations were made upon 29 endometrial biopsy specimens taken from nine adult monkeys (Macacus rhesus). Three of the animals had been ovariectomized five or more years previously and had not been subjected to any experimental procedure or the administration of any hormone for approximately two years. One animal had been castrated 16 months earlier and during the interim had gone untreated. From the five remaining animals endometrial biopsy samples were taken at the time of ovariectomy. This operation was done at the end of a period of administration of pregnant mare serum. One of these animals was used no further. The Qther four animals were subjected to experiment after rest periods of two or eight months.
The histories of the several uterine biopsies are included with their descriptions. With the exception of the one animal mentioned above, every animal supplied three or more biopsy specimens, each after a different experimental procedure. This practice was followed to permit the examination of the responses of individual animals to different hormones or combinations of hormones. The routine followed was, in general, a course of injections followed by a biopsy; after a rest period another course of injections was followed by a biopsy 24 hours after the last injection. One exception was made to this plan. Four animals were given estrogen for ten days, biopsied on the eleventh day and immediately were given a course of injections of progesterone followed by a biopsy. The estrogen employed was estradiol benzoate in daily doses of 100 or 150 rat units. Two levels of progesterone were administered, 0.5 and 3.0 mg. daily.
The biopsy samples were taken with the animal under Nembutal anesthesia. After exposure of the uterus by an incision in the midline of the abdomen, a thin wedge was excised from the middle of the anterior wall of the fundus and body of the uterus in such a manner as to contain all of the uterine layers. The specimens were fixed in Bouin's picro-formol. After embedding in paraffin, sections were cut at 5 micra and stained with Ehrlich's hematoxylin and triosin.
Observations
The endometrium of the ovariectomized monkey: Endometrial samples from five untreated castrates were studied. The time elapsed between ovariectomy or the last administration of any ovarian hormone and excision of the biopsy specimen ranged from two months to slightly more than two years. The five specimens were alike histologically except for one feature; the endometrium was uniformly dense at all levels in the three animals castrated for the longest intervals, but somewhat less dense in the basal regions in the animals from which samples were obtained after shorter periods following castration (two months in one instance, sixteen months in the other). The endometrium, then, was thin and composed of a dense, cellular tunica propria covered by a low epithelium. The glands were few in number and quite straight; their epithelium was low.
The nuclei of the stromal cells (Figs. 1, 2, and 12) in the superficial half of the endometrium were predominantly spherical, and measured, on the average, 4.6 1i in diameter. They rarely contained nucleoli. Their chromatin was present chiefly as fairly large blocks scattered evenly throughout the nucleus and connected by distinct linin threads. At low magnification these nuclei were quite hyperchromatic, but no mitotic figures were observed.
In the basal region of the endometrium the nuclei of the stromal cells were characteristically somewhat smaller than the more superficially located nuclei and were usually ovoid or fusiform. Usually the blocks of chromatin were also smaller, 'but nucleoli were equally rare.
Endometrium of castrates given injections of progesterone:
Seven endometrial samples were studied. Four of the animals had been given five daily injections of 0.5 mg. of progesterone, and three had received five daily injections of 3.0 mg. of progesterone.
The rest period after the last preceding administration of any hormone ranged from one month to two years.
The endometrium in all instances was thin and dense. The glands were not numerous and were quite straight. The surface and gland epithelia were low and granular. The nuclei of the stromal cells in the superficial area were chiefly spherical and averaged 4.75 F in diameter. The nuclei of the more basally located stromal cells were somewhat smaller and were frequently ovoid. Throughout the endometrium the nuclei (Figs. 3, 4 , and 12) contained large blocks of chromatin, usually interspersed with small granules of chromatin; nucleoli were rarely seen. In all respects these endometrial samples were indistinguishable from those taken from untreated castrates.
Endometrium of the estrogen-treated castrates: Endometrial samples from four castrates after the daily administration of 1-50 R.U. of estradiol benzoate for 10 days were examined. The intervals between the last previous treatment and the first of these injections were two months, eight months, and two years.
The endometrial specimens were alike except for differences in thickness that were not related to the duration of castration atrophy preceding treatment. Conspicuous edema was present in all specimens. The surface and glandular epithelia were tall and granular except in the basal areas of the cells, which were usually entirely clear and devoid of granules. Many of the glands showed incipient coiling at their basal ends; otherwise the glands were straight.
The nuclei of the stromal cells of the endometrium (Figs and 12) were much enlarged (average diameter 8.91) and were ovoid or spherical in shape. Characteristically the nuclei in the basal region were smaller than those more superficially situated. In all locations the stromal nuclei were characterized by one or two large nudeoli. The remaining chromatin was present as small, widely dispersed granules. In the specimens from the estrogen-treated animals a distinct cytoplasm was associated with most of the stromal nuclei. The cytoplasm was faintly acidophilic and the cells were usually spindle shaped.
Endometrium of castrates given injections of estrogen and then of progesterone: Four specimens were studied. They were taken from animals given ten daily injections of 150 R.U. of estradiol benzoate followed by five daily injections of progesterone, two animals receiving 0.5 mg. and two animals receiving 3.0 mg. The periods after ovariectomy or the last administration of any hormone were two months and eight months.
The four samples were essentially alike, there being no obvious influence of differences in duration of castration atrophy or effect of difference in dose level of progesterone. The endometrium was moderately thickened and edematous. The glands were numerous and more or less coiled. The surface and gland epithelia were tall and granular, and the basal ends of their cells were not clear, in contrast to their appearance after estrogen alone. The nuclei of the stromal cells (Figs. 7, 8, and 12) showed at the one time features present after the administration of estrogen and after no treatment. They were moderately enlarged, measuring on the average 6.5 I in diameter, and most of them had one or two nucleoli. The remaining chromatin was present in the form of fairly large blocks, approaching the nucleoli in size, and of dust-like granules. Generally speaking, the nucleus had an open, loose structure. Most of the nuclei were ovoid rather than spherical.
Endometrium of castrates given injections of estrogen followed by estrogen plis progesterone: Four biopsy specimens were studied. They were from animals given 8 daily injections of 100 R.U. of estradiol benzoate plus, during the last five days, a daily injection of progesterone, two animals receiving 3.0 mg. and two animals receiving 0.5 mg. daily. The intervals since the last previous hormone treatment were two months and eight months.
Morphologically the specimens were alike, there being again no apparent effect of difference in dose of progesterone or of difference in duration of castration atrophy. The endometria were thickened and edematous. The glands were large, proliferative, and distinctly sacculated. The stromal nuclei (Figs. 9 and 12) were large, measuring an average of 8.0 u, in diameter. Nucleoli were present in most of the nuclei, and their absence in other nuclei may have been due merely to the level of section. Numerous fairly large blocks of chromatin were scattered throughout the nuclei. Small granules of chromatin were not usually seen. Endometria obtained at ovariectomy: Four samples were studied. One of these came from an animal with numerous medium-sized ovarian follicles. One came from an animal with a ripe follicle in the ovary, one from an animal with an extremely large (cystic?) follicle, and one from an animal with a large corpus luteum. In each instance the condition of the ovary was ascertained by microscopic examination as well as gross observation.
The endometria from the three animals with ovarian follicles, but no corpora luitea, were in all respects like those from the estrogen-treated castrates. They were thickened and edematous. The glands were fairly numerous, but straight. The stromal nuclei (Fig. 10 ) were large and most often ovoid in shape. Nearly all of them had large, sharply defined nudeoli. The chromatin was loosely scattered throughout the nuclei in the form of tiny granules.
The sample from the animal with a large corpus luteum resembled the endometria of the castrates given both estrogen and progesterone. The endometrium was quite thick and edematous. The glands were numerous and sacculated. The nuclei of the stromal cells (Fig. 11) were large and had an open structure. Distinct nucleoli were present in most of them, and large blocks of chromatin were evenly dispersed.
Discussion
The observations made in the present study are in all major aspects in complete accord with those of Cleveland,2 3 who also examined many struotural features of the endometrium not studied here.
The size and structure of the stromal nudei under the influence of endogenous ovarian hormones were precisely wxhat would be expected. In the presence of large follicles, and presumably there-fore of estrogen, the stromal nuclei resembled those of castrates given estrogen. Similarly, in the presence of a corpus luteum, and presumably therefore of both estrogen and progestin, the stromal nuclei were identical in structure with those of castrates given injections of both estrogen and progesterone.
When progesterone was substituted for estrogen the stromal nuclei underwent a diminution in size, decreasing from an average of 8.9 F in diameter to 6.5 pL. Whether this represents a partial maintenance of hypertrophy (these nuclei in untreated castrates and in castrates given progesterone measured 4.6 and 4.75 >, respectively) is unknown inasmuch as no material was available from animals five days after cessation of administration of estrogen without the substitution of progesterone.
The responses of the stromal nuclei in the monkey to ovarian hormones are quite unlike those given by the stromal nuclei of the mouse (Hooker8 10). In the mouse, progesterone evokes a conspicuous hypertrophy, whereas this substance had no effect in the monkey When given alone. In the mouse estrogen has no effect upon stromal nuclei, while it provoked a striking hypertrophy in the monkey. When both hormones are given concurrently the stromal nuclei in the mouse have a structure identical with that after progesterone alone. In the monkey, on the other hand, a distinctive type of stromal nucleus was present after the action of both hormones.
The different character of the stromal nuclei of the two species after the administration of ovarian hormones has a parallel in an apparent difference in the reproductive physiology of the two species. Upon implantation of the ovum in these species stromal cells are transformed into decidual cells (Wislocki and Streeter," Fekete4). Progesterone is the only hormone required for the production of deciduomata upon uterine traumatization in the mouse (Hooker9). Moreover, at the time of implantation of ova in the mouse the character of the endometrium indicates the presence of a relatively high level of progestin, while little or no estrogen is apparently present (Atkinson and Hooker, unpulblished observations). In the monkey, on the other hand, the fertilized ovum implants in a premenstrual endometrium that has been acted upon by both estrogen and progestin, both of which are apparently still present in relatively large amounts. Thus if the hypertrophy of stromal nuclei is a beginning stage in their transformation into decidual cells and requires only trauma for its completion, such hypertrophy in response specifically to progestin in the mouse and without a requirement of estrogen is entirely reasonable. The dependence of the hypertrophy upon the presence of estrogen in the monkey is equally compatible with the normal sequence of events in this species. That the endocrinology of pregnancy is probably fundamentally different in the two species is shown by the effects of ovariectomy upon the course of pregnancy. In the monkey the ovary is not essential for the continuation of pregnancy after the twenty-fifth day (Hartman6), whereas ovariectomy of the mouse interrupts pregnancy at all stages of gestation (Harris').
Endometrial edema provoked by estrogen is obviously the accumulation of intercellular fluid. The hypertrophy of the stromal nuclei probably is a manifestation of increase in intracellular fluid. The establishment of a nucleolus in each hypertrophied nucleus is doubtless the result of another mechanism, as is the growth of the chromatin particles when progesterone is added to or substituted for estrogen. If hypertrophy of the stromal nuclei means increase in intracellular fluid, a further difference between the monkey and the mouse is indicated. On this basis estrogen causes increase in both extra-and intra-cellular fluid in the endometrium of the monkey; in the mouse, on the other hand, estrogen causes increase in only extracellular fluid while progesterone elicits an increase in only intracellular fluid.
Although not a conspicuous character, the structure of the stromal nudei in the monkey may serve as an indicator of the endocrine history of the endometrium. These nuclei have a distinctive structure after the action of estrogen alone, and an equally distinctive structure after the simultaneous or sequential action of estrogen and progesterone. On numerous occasions the humoral environment of the endometrium has been correctly identified with the aid of these criteria by two different observers without knowledge on their part of the nature of the material. This indicates a satisfactory degree of specificity on the part of the structure of the stromal nuclei. It was, of course, impossible to differentiate endometria of untreated castrates from the endometria of the castrates given progesterone alone by this or any other criterion with which we are familiar.
The promptness with which the stromal nuclei of estrogentreated castrates underwent structural changes when progesterone was substituted or added may have some practical value. This change was evident before the characteristic changes induced by progesterone in the glands became conspicuous. It may be possible, therefore, to use the stromal nuclei for detecting early stages of luteal activity, and hence ovulation, by study of endometrial samples. Cleveland2 has reported the character of the stromal nudei of the human endometrium in the presence or absence of the different ovarian hormones to be the same as in the monkey. Accordingly, the same possibility may also exist in man.
Summary
The nuclei of the stromal cells of the endometrium of the ovariectomized monkey were found to be small and spherical. Their chromatin was present as evenly scattered, large blocks; nucleoli were rare. No change in these nuclei was produced by the administration of five daily injections of 0.5 and 3.0 mg. of progesterone. Ten daily injections of' 150 rat units of estradiol benzoate resulted in conspicuous hypertrophy of the stromal nuclei; the chromatin particles became quite small and a distinct nucleolus appeared in each nucleus. The simultaneous administration of estradiol benzoate and progesterone also caused nuclear hypertrophy. Here nucleoli were present and the chromatin particles were large. The substitution of progesterone for five days after ten daily injections of estrogen resulted in retention of the estrogen-progesterone type of stromal nucleus but in a diminution in nuclear size. The stromal nuclei of the endometria of monkeys whose ovaries contained medium-sized or large follicles were like those of estrogen-treated castrates. When a functional corpus luteum was present the stromal nuclei were like those of castrates given estrogen and progesterone simultaneously.
The changes in the stromal nuclei of the endometrium are sufficiently distinctive and uniform to permit recognition of endometrial type by their use alone. The humoral basis of the changes in these nuclei is unlike that in the mouse, and may be related to differences in the endocrine background of pregnancy in the two species.
